Industrial fruit products were investigated for their content of pectin methylesterase (PME) 
Introduction
One of the main problems in the fruit product industry is that of maintenance of the turbidity in fruit and vegetable juices and of the consistency of whole or diced products during the process and storage time. Much research on nonthermally treated products demonstrated that cloud loss in fruit juices is mainly due to the cooperative action of two enzymes, both bound to the fruit cellular cell wall, i.e. pectin methylesterase (PME) and polygalacturonase (PG). According to Primo Yufera et al. (1, 2) , PME acts by de-esterifying the cloud particles on the surface, thus producing 'pulp particles' which are unable to interact with the product dispersing phase. Therefore, loss of turbidity occurs (serum clarification) as a consequence of the massive precipitation of the disperse phase. In serum, the synergetic action of PME and PG, the latter depolymerizing the pectic substances, brings about the formation of pectic polysaccharides with a lower degree of esterification and polymerization. The increase of pectin saponification also increases the pectin sensitivity to calcium ions naturally present in the juices, thus determining the formation of calcium pectates which precipitate along with cloud particles (3) (4) (5) (6) (7) . More recently, it has been reported that the cloud destabilization process could be ascribed to PME action only (8, 9) . It was observed, in fact, that addition of a PME protein inhibitor purified from Kiwi (10, 11) to nonthermally treated juices showing both the PME and PG activities abolished the cloud loss phenomenon (12, 13) . From a practical point of view, it is generally accepted that the cloud loss problem can be easily overcome with an effective thermal stabilization treatment, such as pasteurization or high temperature-short time (HTST) processes. It is believed that these treatments are sufficient to inactivate PME. Surprisingly, this is generally accepted notwithstanding that the assay of residual PME activity in the thermally treated juices is normally performed with the pH-stat method which is not sensitive enough to detect weak enzymatic activities that, in the long run, may affect the product stability. The possibility of employing the PME inhibitor discovered in kiwifruit (10) to detect low levels of PME activity in juices by an affinity chromatography technique (14) has recently been explored. The enzyme is eluted from the affinity resin at pH 9.5 in a small volume and than assayed by pH-stat method (15) . In *To whom correspondence should be addressed.
Lebensm.-Wiss. u.-Technol., 30, 479-484 (1997) 0023-6438/97/050479 + 06 $25.00/0/fs960211 ©1997 Academic Press Limited this way, it is possible to demonstrate the presence of residual PME activity in industrial tomato products showing cloud loss (16) . On the basis of these results, a specific study was undertaken to detect the presence of residual PME activity in fruit purees, juices and diced fruits with the aim of correlating the phenomenon of cloud and consistency loss during storage with residual PME activity.
Materials and Methods
Peach, pear, apple, apricot and apple purees (30 lots of each) were kindly given by the industries participating in this work. Eighteen juices and nectars and two syrup peaches were purchased from local supermarkets. Four lots of diced fruits packaged in tinplate cans of 3 kg each were kindly given by Doria S.P.A. (Angri, Salerno). Each lot constituted five samples.
Reagent
Sodium chloride, MES and TRIS buffers and pectin from orange fruit were purchased from Sigma Chemical Co. (article n o P-9135, lot n o 42H0150).
PME activity determination PME activity was determined titrimetrically using an automatic pH-stat (Crison model TT2050), in a thermostated cell at 25 °C. Pectin (70% methylated) was used as the substrate in 10 g/L solution containing 0.15 mol/L NaCl, pH 7.5 and 0.02-1 mL of PME-containing solution, in a final volume of 20 mL. The titrating solution (NaOH 0.05 mol/L) was kept under a nitrogen stream to avoid carbonation. The PME activity unit was expressed as µmol of H + produced per min in 1 mL of incubation mixture. PME extraction PME was extracted from industrial products by adding 4 g of solid NaCl to 150 mL of juice (final concentration 0.5 mol/L), and bringing the juice to pH 6 by adding 0.5 mol/L NaOH. The suspension was stirred for 12 h at 4°C
, centrifuged at 15,000 ϫ g for 30 min and then filtered on Millipore filter (5 µm). PME concentration PME was concentrated essentially as previously described (16); the extracted solution was loaded onto a column packed with 1 mL of resin-bound PME inhibitor, the column was washed with 10 mL of a buffer containing 5 mmol/L MES pH 6, 0.5 mol/L NaCl and then the PME was step-eluted, in fractions of 1 mL, by 6 mL of a solution containing 1 mol/L NaCl and 2 mmol/L Na 2 CO 3 pH 9.5. Figure 1 depicts the scheme of the process employed in this study. The process is essentially the same for the various firms that collaborated in the study, except for phase 2 and 4 shown in Fig. 1 . Some firms, after a more or less exhaustive mincing, sent the product to a heat exchanger, generally of pipe-bundle type, which raises the temperature to 88-90 °C. Other firms, at this point, cooled the product at about 10-15 °C lower temperature, i.e. between 70-75 °C. The successive step (phase 3) is essentially the same for all the firms. However, a greater variation among firms was found in the last phase, i.e. that regarding pasteurization and the successive packaging of the product in aseptic tanks or cases. In Fig. 1 this last phase is shown in more detail. The pasteurization temperature range (preheater section), the holding time, the temperature of the product (holding section) and the product outlet temperature used during the different pasteurization and packaging procedures of fruit purees are reported in Table 1 . These data clearly show that the process parameters (time-temperature) employed by the various firms are far from a rigourously standardized thermal stabilization process. More particularly, it was observed that most of the firms (about 70%) treated the fruit purees at a holding temperature of 108 °C with a mean holding time of 1 min 45 s, regardless of the kind of fruit, while the other firms employed a higher temperature, about 116 °C, with a holding time of 2 min.
Fruit puree processing

Results
Residual PME activity in fruit purees
The results of analyses on 30 lots of samples directly taken from the firms are shown in Fig. 2 . PME activity found in all the samples was between 10 -3 and 10 -5 U/mL of product. In particular, samples of apricot and apple purees showed the highest residual PME activities. About 90% of apricot samples showed PME activity higher than 1.0 ϫ 10 -3 U/mL and only one sample out of 150 showed an activity of about 10 -5 U/mL. As for samples of apple purees, about 60% showed activities higher than 1.0 ϫ 10 -3 U/mL, while the remaining samples showed activities between 10 -4 -10 -3 U/mL. Less than 30% of the pear puree samples had PME activities between 10 -4 -10 -3 U/mL, while the remainder showed very low values, close to 10 -5 U/mL. Lastly, all the peach puree samples showed PME activity values between 10 -4 and 1.0 ϫ 10 -3 U/mL.
Residual PME activity in fruit juices and nectars
The results of PME residual activity determination in commercial products purchased from local supermarkets are reported in Table 2 . The results show the absence of PME activity in almost all the samples. The pineapple products only showed a PME residual activity between 7.1 ϫ 10 -3 and 3.7 ϫ 10 -4 U/mL. The sample in which the highest PME activity (7.1 ϫ 10 Steam U/mL) was found is shown in Fig. 3 . In this sample complete serum clarification along with an abundant precipitate of the suspended pulp material is very evident. Also interesting is the comparison of that sample with the sample, reported in Fig. 4 , in which the PME activity found was only 3.7 ϫ 10 -4 U/mL (about 20 times lower). This sample appears much more homogeneous without any clarification phenomenon.
Residual PME activity in diced and syrup fruit
The results of residual PME activity determinations on diced peach, pear, pineapple and whole chi grape employed for fruit salad preparation are reported in Table 3 . These product were kindly supplied by Doria S.P.A. firm in 3 kg tin cans. The diced pear and peach samples showed very low residual PME activities. Conversely, the diced pineapple and chi grape showed very high residual PME activities between 10 -2 and 10 -3 U/g of product. Lastly, some syrup products were analysed. The results showed residual PME activity between 10 -4 and 10 -3 U/g in all the samples, on average more than ten times higher with respect to peach diced products previously reported. However, notwithstanding these somewhat high residual PME activities, all the peach syrup products examined did not show any softening phenomenon which could be ascribed to pectic substance degradation.
Discussion
The presence of residual PME activity found in thermally stabilized fruit purees undoubtedly demonstrates the low efficacy of the thermal treatments generally employed in the industry processes. These processes are all of the HTST type and appear to be more effective on products such as pear or peach than apple or apricot. The results showed that PME activity in thermally treated peach purees ranges between 10 -4 -10 -3 U/mL of product. Conversely, almost all the samples of apple and apricot purees analysed showed higher activities (about 10 -3 U/mL). Although these results do not directly correlate with a Boldface values are the most commonly used among the factories examined. the thermal treatment employed ( Table 1) , it is clear that the processes are inadequate even when they are performed at the higher temperatures. The presence of PME activity in all the analysed puree samples could explain not only the cloud loss phenomenon observed during fruit puree storage, but also the cloud loss in commercial pasteurized juices (nectars and 100% juices) in which PME residual activity is often absent. As for fruit puree, during storage of the half-processed juice, the cloud particles experienced a slow but continuous enzyme attack on the pectic component by the residual PME activity that, in the long-term, produces the same effects as in the unpasteurized juices, i.e. suspension destabilization (1,2,17). As far as the second aspect is concerned, i.e. cloud loss often seen in commercial nectars and pasteurized juices in which no residual PME activity was found ( Table 2) , it is conceivable that the half-processed product used for the preparations came from a product containing residual PME activity, which was already partially degraded. Thus, in this case cloud loss occurs owing to the previous action of the residual PME in the starting material. It is difficult to establish at present the minimum level at which the metastability of the halfprocessed product begins. However, it appears mandatory, from a technological point of view, to inactivate the PME from the initial phases of the product transformation because of the very fast enzymatic action soon after the mechanical breakage of the fruit during the juice extraction procedure. This could also explain the reason why most of the commercial products we examined generally underwent cloud loss phenomenon without showing complete serum clarification, even when residual PME activity was absent.
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From a technological point of view, it is of interest to understand why PME activity is often completely absent in products like nectars which have undergone thermal treatments (pasteurization process) at temperatures lower, even by 20 °C, than the half-processed product utilized as starting material ( Table 1) . Many authors have reported the presence of PME isoforms from different vegetal sources (18) (19) (20) . Moreover, Versteeg et al. (21) and, successively, Laratta et al. (22) reported that these isoforms possess different inactivation kinetics when subjected to thermal treatment. This could explain the presence of PME activity in fruit purees and, at the same time, the absence of residual activity in most of the commercial juices. The latter, in the course of preparation from the starting half-processed product, undergo further thermal treatment at about 85-90 °C followed by warm-packaging and pasteurization process generally performed in a tunnel. Therefore, the slow thermal cycle on the product, both in the stabilization and in the cooling phase, can easily inactivate the isoforms with slower inactivation kinetics that survived the previous thermal treatment of HTST type at high temperatures for a short time. Pineapple juice also showed the suspended pulp sedimentation which was sometimes complete (Fig. 3) . However, the data reported in Table 2 demonstrate that PME activity also survives the successive pasteurization process which the product undergoes after bottling, probably because of the high thermoresistance of pineapple PME, as reported by Gherardi et al. (23) . Data obtained for the pineapple juice shown in Fig. 3 seems particularly interesting. The product showed a complete serum clarification. The value of residual PME activity was about 10 -3 U/mL, about ten times higher than that found on similar pineapple products not showing serum clarification (Fig. 4) . Therefore, this suggests that activity values below or near 10 -4 U/mL warrant a persisting serum turbidity. In contrast, activity values higher than 10 -3 bring about serum clarification. Similar results were also recently obtained for tomato juice (15) . Fig. 3 Bottle of pineapple juice in which the residual PME activity was 7.1 ϫ 10 -3 U/mL; complete serum clarification is very evident Fig. 4 Bottle of pineapple juice in which the residual PME activity was 4.1 ϫ 10 -4 U/mL; serum turbidity appears much higher than that of the sample in Fig. 3 technical information on the puree samples utilized in this study.
